Abstract-The influence of atomic disorder induced by irradiation with fast neutrons on the properties of normal and superconducting states of polycrystalline samples of FeSe has been studied. The irradiation with fluences of fast neutrons up to 1.25 × 10 20 cm -2 at the irradiation temperature T irr ≈ 50°C leads to relatively small changes in the temperature T c of the superconducting transition and in the electrical resistivity ρ 25 at 25 K. This behavior is related to the relatively low concentration of radiation defects arising at a given irradi ation temperature, which is a consequence of a specific crystal structure of FeSe, which is more simple as compared to other layered compounds of this class.
INTRODUCTION
The discovery of high temperature superconduc tivity in iron based layered compounds [1] has stimu lated active theoretical and experimental studies of these systems. The systematic study of the effects of disorder in new superconductors is especially impor tant in the case of any abnormal types of Cooper pair ing (anisotropic s, p, or d pairing, triplet pairing, and others) [2] . The studies of the effect of irradiation by fast neutrons on the electronic, magnetic, and other characteristics of materials make it possible to obtain new information on the properties of the initial (ordered) system. As an example, we refer to the qual itatively different behavior of superconducting proper ties under the irradiation of high temperature super conductors, such as MgB 2 [3, 4, 5] and YBa 2 Cu 3 O 7 [3, 6, 7] . This is a relatively weak decrease, character istic of systems with strong electron-phonon interac tion, in T c in MgB 2 and a rapid and complete degrada tion of superconductivity in YBa 2 Cu 3 O 7 , clearly pointing to other, more exotic pairing mechanism. Thus, studying the response of a superconducting sys tem to neutron irradiation provides additional infor mation on the nature of superconductivity, i.e., on the pairing mechanism, the symmetry of the supercon ducting gap, etc. The earlier studies of the effects of disorder induced by irradiation with fast neutrons in an La(O-F)FeAs compound have revealed a rapid degradation of superconductivity, indicating an abnormal type of Cooper pairing (most likely, of the anomalous isotropic s ± type) [8] .
In this paper, we present the results of investiga tions of the influence of an atomic disorder on the properties of the normal and superconducting states of polycrystalline samples of the FeSe system which has the simplest crystal structure among the recently dis covered superconducting iron based compounds. In other compounds of this type, Fe-As layers alternate with layers such as La-O (system 1111), Li (111), and Ba (122), and doping with elements with different valences is necessary for the appearance of supercon ductivity; the FeSe structure contains neither dividing layers nor doping elements. The value of T c ≈ 10-15 K of FeSe is somewhat lower than that of other com pounds of this class (T c ≤ 55 K [9] ), but it increases to about 30 K when a pressure is applied [10] or after intercalation with alkali elements [11] . Thus, there is every reason to suppose that all these compounds have a common mechanism of superconductivity. However, the relative simplicity of the crystal structure of FeSe leads, as will be shown below, to a weak sensitivity of the system to radiation defects that are generated upon irradiation with fast neutrons.
EXPERIMENTAL
Polycrystalline samples with a nominal composi tion FeSe 0.963 were synthesized using a conventional solid state reaction at a temperature of 700 K for 14 days [12] . The electrical resistivity ρ and the Hall coefficient R H were measured using samples with dimensions of 2 × 2 × 0.2 mm by the standard four probe method [13] in a temperature range of 1.5-380 K in magnetic fields of up to 13.6 T. Three samples cut from the same ingot were irradiated with fast neutrons at T irr = (50 ± 10)°C to various fluences, namely, the sample no. 1, to fluences of 0.5, 1.5, 2.5, 4.5, and 12.5 × 10 19 cm -2 ; the sample no. . The initial samples had close values of the transition temperatures (T c ≈ 10 K) and similar temperature dependences of the electrical resistivity ρ(T) and of the Hall coefficient R H (T).
RESULTS AND DISCUSSION
The values of R H (T) are positive in the low temper ature range of T < 100 K, negative at 100 ≤ T < 200 K, and again changes its sign to positive at T ≥ 200 K, which reflects the multiband electronic structure of this compound. The ρ(T) dependence is power at low temperatures; at T ≥ 200 K, the curve becomes flatter; and at T ≈ 350 K, the slope is negative (dρ/dT < 0), which may be associated with the appearance of a con tribution of the activation type to the conductivity (Fig. 1) . ), there is seen a decrease in ρ at low temperatures ( Fig. 1) and a slight increase in T c (Fig. 2) . This effect is accompanied by a marked growth in R H at low temperatures, whereas at high tem peratures the changes are minor. At Φ > 1.0 × 10 19 cm -2 , T c decreases, ρ(T) increases (mainly, due to an increase in the residual resistivity), and a further growth in R H (T) is observed at low temperatures (Fig. 1). Figure 2 illus trates the behavior of some parameters depending on the fluence of fast neutrons Φ, namely, the supercon ducting transition temperature T c as determined in the middle of the resistive transition; the electrical resis tivity ρ 25 measured at T = 25 K; and the Hall coeffi cient R Hmax (maximum value of the Hall coefficient in a low temperature region, see the inset in Fig. 1 ). These parameters remain almost unchanged at Φ > 2.0 × 10 19 cm -2
, which means reaching a limiting value of the concentration of radiation defects, which is equilibrium at a given temperature T irr ≈ 50°C. The relatively small increase in the residual resistivity (by 0.1-0.2 mΩ cm) under the effect of irradiation indi cates that this limiting concentration is very low. For comparison, upon the irradiation of La(O-F)FeAs with a fast neutron fluence of 1.6 × 10 19 cm -2 leading to the complete degradation of superconductivity, the electrical resistivity ρ 40 measured at 40 K increases by more than an order of magnitude, from 0.2 to ~4 mΩ cm [8] .
Nevertheless, the rate of a decrease in T c as a func tion of ρ 25 (Fig. 3 ) is quite comparable with that observed under irradiation of La(O-F)FeAs [8] . A linear extrapolation gives the complete suppression of super conductivity at ρ 25 ≈ 1 mΩ cm, which is comparable with ρ 40 ≈ 4 mΩ cm obtained for La(O-F)FeAs. Thus, the radiation induced defects also result in the effective sup pression of T c in FeSe, just as in La(O-F)FeAs, indicat ing the anomalous type of Cooper pairing in FeSe. However, the crystal lattice of FeSe is much more sta ble with respect to defect formation. Such radiation resistance of FeSe can be related to a smaller, as com pared to La(O-F)FeAs, number of the possible defect configurations, with the instability of substitutional Fe-Se defects because of the significant difference in the atomic volumes of Fe and Se (11.8 and 27.2 × 10 -24 cm 3 , respectively), etc.
The inset in Fig. 3 depicts the rate of the change in the second critical field dH c2 /dT depending on the resistivity ρ 25 . This relatively weak, roughly linear dependence shows that both the initial and irradiated samples correspond to the region of a "dirty" super conductor, for which the electron free path l has a value on the order of the superconducting coherence length ξ, which also is a consequence of a relatively weak variation in the defect concentration under irra diation. The effect of low fluences, at which a decrease in ρ and an increase in T c are observed (Fig. 2) , seems to be not related to any processes of "final ordering." A sig nificant growth in R Hmax in this area indicates the effects of doping; here, we mean an increase in the concentration of charge carriers of the p type due to the fact that the radiation induced defects carry an effective electrical (positive) charge, which leads to a shift of the Fermi level toward lower energies. The irra diation induced increase in the concentration of holes, which have a high mobility at low temperatures, gives a small (by an order of 0.05 mΩ cm) decrease in ρ 25 and, also, an increase in T c by ~0.5-0.8 K. 
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